Differences in grape aroma between five Gewiirztraminer clones (457/48, 14Gm D35, N20 Kieselberg, 925/643 and FR 46/ 106) and between fifteen Weisser Riesling clones (239/17Gm, T68, B21, 34, 35, WI, 1l0/llGm, N90 Winkel, 813/49, WI7, 37, 24/196Gm, 239, 327 and 198/10Gm) from the Stellenbosch region were investigated over four seasons. Grape samples were analysed for free and bound terpenes. Under the specific conditions of this investigation it was possible to differentiate between some clones ofGewiirztraminer and of Weisser Riesling on the basis of grape-aroma analyses. It, therefore, appears possible to select clones with a higher potential to produce aroma-rich and cultivar-typical wines.
Clones of a cultivar may differ substantially in viticultural perfonnance and in their potential to produce aroma-rich and cultivar-typical wines. In practice, the viticultural and oenological selection of aroma-rich clones involves longtenn projects. When wines are produced, the most appropriate wine-making technique for the enhancement of the typical cultivar character has to be selected. Furthermore, the sensory evaluation of wines is subjective and when used in isolation may give misleading results. Therefore, much time and cost would be saved if the selection of aroma-rich clones could be based solely on grape analyses.
Terpenes have long been recognised as important components of grape and wine flavour. Analyses of muscat and aroma-related cultivars showed high concentrations of certain terpenes (Schreier et al., 1976; Williams, Strauss & Wilson, 1980; Rapp, Mandery & Guntert, 1984) , Versini et al. (1988) demonstrated differences between four Chardonnay clones by utilizing the concentrations of free and bound monoterpenes, benzyl alcohol, 2 -phenyl ethanol, 3-oxo-alpha-ionol and 2,6,6-trimethyl-2-( l-oxo-2-butenyl) -cyclohexen-3-one in grapes.
U sing properties such as fruit weight, number of berries per bunch and bunches per vine, McCarthy (l988a) found significant differences between clones of Pinot noir and Chardonnay. No significant differences were found between the clones of Weisser Riesling. Ewart & Sitters (1988) evaluated the wine qualities of the same material and found significant differences between the clones of each cultivar. With regard to Weisser Riesling, the clone BVRC 17 showed the highest quality and Gm 110 the lowest. Differentiation between Muscat de Frontignac clones was obtained by using total free and bound terpene concentrations (McCarthy, 1988b) . McDaniel et al. (1988) distinguished between four Gewurztraminer clones by the sensory evaluation of cultivar characteristics, such as spiciness. With respect to this characteristic, clone Colmar 457 was rated the highest. Ampelographic differences, as well as differences in terpene concentrations, were demonstrated between the aroma-rich, spicy Gewurztraminer (Savagnin rose aromatic) clones and the relatively neutral Traminer (Savagnin rose) clones (Schaeffer et al., 1990; Scienza et al., 1990; Versini et al., 1990) . However, confusion still exists as to the authenticity of these two types ofSavagnin rose and the names Gewiirztraminer and Traminer are probably incorrectly used in some countries.
Gewurztraminer and Weisser Riesling are well-known aromarich cultivars from Europe, also cultivated in wanner wineproducing countries. Wines produced from these cultivars in South Africa often lack sufficient and characteristic aromas. The purpose of this research was to select Gewurztraminer and Weisser Riesling clones with more pronounced cultivar aroma properties by utilizing the concentrations of certain monoterpenes. (WI, 110/11Gm, N90 Winkel, 813/49, W17, 37, 24/ 196Gm, 239, 327 and 198/1 OGm) Approximately 2 kg of grapes were collected as whole clusters on a representative basis from five vines per cultivar. The samples were crushed by hand and filtered through cheesecloth by applying slight pressure. During the 1988 vintage each juice was divided into two parts (250ml). Sodium chloride (25g) was immediately added to one part to inhibit enzyme activity. The pH of the second part was adjusted to 5,0 by the addition of sodium hydroxide. This was followed by the addition ofbeta-glucosidases (Seravac; Code 071202; 0,05 g/ 250ml) for the enzymatic liberation of terpenes from their glycosidically bound forms. The juice was left for one hour before NaCI (25g) was added. During the 1990 vintage, no enzymatic liberation of aroma was conducted and only free terpenes were determined. Terpene concentrations as well as some other compounds which showed prominent increases in concentration as a result of the beta-glucosidases treatment were determined gas chromatographically (Marais, 1986) . Total free volatile terpene and total potentially volatile (bound) terpene concentrations were determined by the method of Dimitriadis & Williams (1984) . Wines were produced from ripe grapes according to standard VORl techniques. Differentiation between clones was obtained by using standard analysis-of-variance methods (Snedecor & Cochran, 1982; Payne et al., 1987) . Data for the individual ripening stages were considered as replicates.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
Since data obtained during the 1987 and 1989 vintages correspond with those of the 1988 and 1990 vintages, only data of the last-mentioned vintages are evaluated.
Gewiirztraminer clones: It is clear that grapes of the clone N20 Kieselberg lacked free and potentially free (bound) aroma, since certain key terpene concentrations were significantly lower when compared to those of the other relevant clones (Table 1) . Clone 925/643 appeared to have higher citronellol, nerol, geraniol and trans-geranic acid concentrations than the other clones. With respect to the pyran linalool oxides, linalool, alpha-terpineol and diendiol-l, clone 457/48 appeared to be more flavourful.
Enzyme treatment of the juice resulted in marked increases in terpene concentrations. This phenomenon is explained by the existence of glycosidically bound monoterpenes, previously demonstrated by Williams et al. (1982a Williams et al. ( , 1982b Williams et al. ( , 1982c . This phenonemon was especially illustrated by an unknown terpene or nor-isoprenoid compound (Table 1) , which was practically absent in the free form, whereas pronounced increases were observed when it was liberated from its bound form.
It is interesting to note that the concentrations of linalool, alpha-terpineol and diendiol-I decreased when glucosidases were added. These decreases in total (free plus bound) terpene concentrations are contradictory to what could be expected, but can probably be ascribed to transformations to other terpenes (Usseglio-Tomasset & Di Stefano, 1980) . The alteration of the pH to 5,0 could also result in transformations of terpenes, which would not happen under natural conditions. Free and bound terpene concentrations, determined by the method of Dimitriadis & Williams (1984) , showed slight differences when compared to individual terpene concentrations (Table I) . Clone N20 Kieselberg, however, also showed much lower total (free plus bound) terpene concentrations than the other relevant clones. Since this method often does not reflect individual terpene concentrations, it was not applied again.
Other aroma-rich compounds, such as benzyl alcohol (almond-like), 2-phenyl ethanol (rose-like) and 4-vinyl guaiacol (clove-like) were also investigated (Table 1) . These compounds showed similar increases in concentrations with the enzyme treatment. The differentiation capacities of these compounds, however, differed from monoterpenes, and deductions with regard to clonal selection could differ completely.
It is not possible to evaluate the contribution of each compound in this study. It is, however, accepted that terpenes with low flavour threshold values, such as citronellol, nerol and geraniol, contribute to the typical aromaofGewiirztraminer grapes and wines. Therefore, clone 925/643 could be selected as the most flavourful clone according to this study.
The gas chromatographic results were also reflected in the sensory evaluation data of the corresponding wines. According to the evaluation panel, clone N20 Kieselberg lacked the typical spicy character, whereas clone 925/643 showed a roselike character, typical of Gewiirztraminer. In conclusion, the possibility that the N20 Kieselberg clone is in fact the neutral Traminer (Savagnin rose) type is not excluded. Similar studies on Gewiirztraminer clones were conducted in Germany and Northern Italy (G. Versini, personal communication, 1990) . It was found that clones FR 46/107 and N23 showed the lowest monoterpene concentrations, whereas the rest of the clones, especially Lb 14, had much higher monoterpene concentrations. These data were to some extent reflected in the sensory evaluation data of the relevant wines. Clones FR 46/1 07 and N23 were consistently ranked last, whereas clone Lb 14 was consistently ranked first (G. Versini, personal communication, 1990 ).
Weisser Riesling clones: When the compounds analysed in five Weisser Riesling clones are considered, no statistical differences between clones were found ( Table 2 ). It appears that clone T68 had lower terpene concentrations than the other four clones (Table 2) . With respect to the increase in terpene concentrations as a result of enzymatic action, tendencies similar to those for Gewiirztraminer clones were observed for Weisser Riesling clones.
Fifteen Weisser Riesling clones were evaluated during the 1990 vintage. Clone 37 was statistically higher in linalool, trans-and cis-pyran linalool oxide, diendiol-l and diendiol-2 concentrations than clone 239 (Table 3) . Although not significant, clone 327 showed the same tendency as clone 37. Therefore, clones 37 and 327 could possibly be selected as the most flavourful Weisser Riesling clones. It is important to note that similar investigations in other climatic areas or under other viticultural conditions could generate different results.
In similar studies on Weisser Riesling clones from Germany it was found that differences in sensory evaluation data of the wines occurred but no significant differences in chemical analyses were observed (G. Versini, personal communication, 1990 ). The values for each clone are the means for three ripening stages.
Values in rows designated by the same symbol do not differ significantly (p::::O,05).
Compound concentrations are expressed as relative concentrations, using a calibration factor of I. The values for each clone are the means for three ripening stages.
Compound concentrations are expressed as relative concentrations, using a calibration factor of 1.
* No statistical differences were observed between Weisser Riesling clones (p::;0,05). The values for each one are the means for two ripening stages. Values in rows designated by the same symbol do not differ significantly (p< 0,05). Terpene concentrations are expressed as relative concentrations, using a calibration factor of 1.
